Abstract. This research investigates the impact of climate change on the hydraulic heads of Thailand's Lower Chao Phraya basin. The research also determines the sustainability of groundwater as the result from climate change. In the study, the climatic scenario (IPSL-CM5A-MR) of the Representative Concentration Pathways (RCP) between 2.6, 4.5 and 8.5 were considered, and the simulations were carried out using the three-dimensional groundwater flow model (i.e. MODFLOW-2000) predicting the groundwater behavior between 2017 and 2036. The findings revealed that the impact of climate change on the hydraulic head fluctuation was positively correlated. Specifically, under the IPSL-CM5A-MR RCP 4.5 that has the highest average precipitation, the average hydraulic head increased. In conclusion, the sustainability of groundwater in the Lower Chao Phraya basin was sufficient during the simulated time. However, the groundwater budget was lower than the average groundwater budget during 2009 -2014 indicating, the groundwater storage was continuously decreased. Specifically, the 2 nd , and 3 rd (Phra Pradeang and Nakorn Luang) aquifers may be facing the groundwater shortage in the future.
Introduction
Groundwater is an important resource and a secondary source of water when facing critical droughts and disasters. In addition, climate change is probably one of the most challenging pressures facing hydrological systems and water resources. Consequently, there are several researches subject to the effect of climate change on the groundwater resource such as [1] , [2] , [3] , [4] , [5] , [6] . [2] investigated the impact of climate change on two small aquifers in western Canada and the United States and revealed the impact from climate change on recharge and groundwater levels at both study areas. In addition, [1] examined the impact of climate change on a chalky groundwater basin in Belgium and showed two models had the groundwater levels decreased, while the other showed no significantly changed. Moreover, [7] carried out the study of climate change on groundwater levels in Lansing, Michigan and found that the simulated steadystate groundwater levels were generally predicted to increase or decrease depending on climate change scenarios.
Recent research investigated the effect of climate change on the groundwater In Thailand, for example, [4] performed climate change and groundwater resources in Thailand and explained the climate change effect on the groundwater quality and quantity and the groundwater policy. Moreover, [8] determined impact of climate change on groundwater and vulnerability to drought of areas in eastern Thailand and reported the risky hotspots and prioritized zones threatened by persistent droughts. In addition, [9] applied an empirical decomposition to study deep groundwater and possible link to climate variability in the Lower Chao Phraya basin and revealed that the groundwater significantly related to the groundwater withdraw than the climate variability.
Even though, there are several studies that focus on the impact of climate change on the groundwater resource, little research focused on the groundwater sustainability. Thus, this study aims to predict the impact of climate change on the hydraulic head in the Lower Chao Phraya (LCP) basin, Thailand by using numerical simulations. In addition, the groundwater sustainability was determined by two variables: groundwater recharge and groundwater demand. 
Hydrogeology
The hydrogeology of the LCP basin is the groundwater in unconsolidated materials and accounts for the largest proportion of groundwater in the basin [10] . In addition, sediments in the basin are predominantly of old floodplain deposits aquifer. The LCP basin has eight aquifer layers, which are Bangkok (BK ~50 m), Phra Pradeang (PD ~100 m), Nakorn Luang (NL ~150 m), Nonthaburi (NB ~200 m), Sam Khok (SK ~ 250 m), Phayathai (PT ~300 m), Thonburi (TB ~350 m) and Pak Nam (PN ~400 m) aquifers.
Methodology

Model design and boundary conditions
In this research, the LCP basin was divided into nine layers, consisting of the eight aquifers and the top layer was Bangkok clay (BKC). each to efficiently determine the hydraulic heads. The model generation was carried out using MODFLOW-2000 [11] . The underside was treated as a no-flow boundary of impermeable bedrock; the west side as other no-flow boundary of the Tenasserim hills range; and the north as another no-flow boundary of the small hills separating the upper and lower Chao Phraya basins. The four constituent rivers (the Chao Phraya, Mae Klong, Pa Sak and Tha Chin rivers) were treated as the river boundary, which was constantly gaining and losing between the surface water and groundwater. On the south side, the interface between the aquifers layers and the Gulf of Thailand were treated as the constant-head boundary, where the groundwaterseawater connected. The top of the model was treated as the recharge boundary from the rainfall. The aquifers in the LCP basin were pumped for consumption, agriculture and industry. Fig. 3(a) 
Transient calibration and validation
Selected and simulated climate scenarios
The climatic model was selected and prepared by [12] and the model was conducted based on six criteria (i.e., average temperature, annual rainfall, humidity, pressure, evaporation and water discharge). IPSL-CM5A-MR (The Institute Pierre Simon Laplace) which is the one of climatic scenarios of the Coupled Model International research group (CMIP5) was selected, giving preference to scenarios offering the minimum bias and root mean square error on the annual precipitation in the Chao Phraya watershed [13] . Moreover, the Representative Concentration Pathways (RCP) 2.6, 4.5 and 8.5 were chosen to give the most contrasted climate changes. 
Simulation scenarios
In the model, the period during 2009 -2014 was used as the base case to determine the impact of climate change on the hydraulic head in the LCP basin. In addition, the research investigated the sustainability of groundwater in the specific basin. In the climatic scenario of RCP 2.6, 4.5 and 8.5, monthly precipitation was generated in the future between 2017 and 2036. The assessment was carried out with regard to the impact of climate change on the hydraulic head and the sustainability of groundwater in the area-specific. The groundwater budget during period 2017 -2036 was greater than the groundwater extraction. Consequently, the sustainability of groundwater in the LCP basin was sufficient. However, the groundwater budget was lower than the average groundwater budget during period 2009 -2014 (baseline) that means groundwater storage continuously decreased. Therefore, PD and NL aquifers may be facing the groundwater shortage in the future.
(a) (b) (c) Fig. 6 The rate of groundwater budget and groundwater demand in dry and rainy season (a) PD, (b) NL, (c) NB aquifers
Conclusions
This research has investigated the impact of variable climate on the hydraulic head in Thailand's Lower Chao Phraya (LCP) basin, and the sustainability of groundwater in the area-specific. In the study, the period during 2009 -2014 was used as the base case. Using the climatic scenario (IPSL-CM5A-MR) was varied between RCP 2.6, 4.5 and 8.5 during periods 2017 and 2036. The simulations were carried out using MODFLOW-2000. The findings revealed that the impact of climate change on the hydraulic head fluctuation was positively correlated. Specifically, the simulation under IPSL-CM5A-MR RCP 4.5 that had the highest average precipitation resulted in the greatest average hydraulic head increase. In addition, the sustainability of groundwater of the Lower Chao Phraya (LCP) basin was obtained during period 2017 -2036. However, the groundwater budget was lower than the average groundwater budget during 2009 -2014 indicating, the groundwater storage was continuously decreased. Specifically, PD and NL aquifers may be facing the groundwater shortage in the future.
